Pyridinium salts similar to those used as ionic liquid solvents readily undergo palladation in the presence of a base, thus giving palladium-pyridylidene N-heterocyclic carbene complexes that are active catalysts for Suzuki-type cross-coupling reactions.
Interestingly, imidazolium ionic liquids have also been used as precursors of N-heterocyclic carbene ligands in organometallic chemistry. 3 It has been shown that metallation of imidazolium salts can occur under mild conditions and in the absence of a base. 4 These findings suggest that ionic liquids may act as reagents and not only as solvents in transition metal catalyzed reactions. In contrast to imidazolium salts, pyridinium ionic liquids have been assumed to be resistant towards metallation. 5 Their resistance can be rationalized by a comparatively low stabilization of the corresponding carbene by one nitrogen only. However, pyridylidene-type transition metal complexes have been proposed as products from N-protonation and -alkylation of platinum group pyridyl complexes. 6 In addition, similar complexes have recently been shown to display remarkably strong trans effects. 7 Here, we provide evidence for the formation of pyridylidene complexes using pyridinium ionic liquids as ligand precursors. Moreover these pyridylidene complexes actively catalyze Suzuki cross-coupling reactions. Our approach towards pyridylidene complexes starts from nicotine as a versatile starting material. First, coordination of the pyrrolidine nitrogen should support the M-C carbene bond through chelate formation. Second, enantiopure nicotine is readily available and offers a cheap and convenient access to chiral complexes that may be useful for asymmetric catalysis. Thus, the pyridinium salt 1 has been prepared from nicotine by selective alkylation of the imine nitrogen with iPrI. At room temperature, 1 is a highly viscous ionic liquid that dissolves readily in alcohols, though only sparingly in THF and H 2 O. Palladation of 1 occurs smoothly at room temperature in the presence of [Pd(OAc) 2 ] and a base such as KOtBu (eqn. 1).
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Contrary to our expectation, metallation takes place at the 4-rather than at the most acidic 2-pyridinium position, thus affording the palladium complex 2 as an orange solid.{ The observed regioselectivity of metallation possibly originates from the directing effects of the pyrrolidine substituent, 8 The proposed structure of 2 was unequivocally confirmed by an X-ray diffraction analysis{ of single crystals that were grown by slow diffusion of Et 2 O into a DMSO solution of 2. The unit cell contains four independent molecules of 2, whose structures are mutually strongly related. The molecular structure ( 9 Apparently, the metalcarbon bond length in these complexes is essentially defined by the chelating amine site. Hence, Pd-C bond analysis does not provide any information on the metal-carbon bond strength. In contrast, the metal-iodide bonds represent useful probes for the trans influence of the pyridylidene site. The Pd-I bond trans to carbon (average Pd1-I2 2.692(1) Å ) is significantly longer than the one trans to nitrogen (average Pd1-N1 2.589(1) Å ). The difference of 0.10 Å corresponds to a 3.7% bond stretching and indicates a trans influence of the pyridylidene ligand that is about as strong as the one observed in related imidazolylidene complexes. 10 The pyridinium ring does not show any significant C-C bond length alterations that could indicate a quinoidal pyridylidene structure in the solid state (eqn. 2). Conservation of the sp 2 hybridization at the pyridine nitrogen would point to a zwitterionic structure with a highly dipolar resonance form, comprising a cationic pyridinium group and an anionic palladate rather than a neutral pyridylidene palladium complex (eqn. 2). 
Conversions typically reach completion after 24 h, which compares well with similar catalytic experiments performed with palladium salts in pyridinium ionic liquids. 5 Addition of Hg 0 to the reaction mixture gives 70% conversion, which shows that the reaction is at least predominantly homogeneous. 11, 12 Deactivated aryl bromides such as 4-bromoanisole are converted significantly slower (56% after 24 h) and aryl chlorides essentially fail (11%), though optimization of reaction conditions may improve catalyst performance.
In conclusion, our results show that stable N-heterocyclic carbene complexes are readily accessible from pyridinium salts by base-promoted palladation. In view of the mild conditions for the formation of these novel palladium complexes and their activity in cross-coupling reactions, similar pyridylidene palladium complexes may be responsible for the observed catalytic activity when using palladium as catalyst precursor in pyridinium ionic liquids. Moreover, we have disclosed a new and cheap entry to chiral carbene complexes. Their performance in asymmetric catalysis is currently under investigation and will be reported in due course.
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Notes and references
{ Synthesis of 2: To a suspension of pyridinium salt 1 (0.81 g, 2.4 mmol) in dry THF (20 mL) was added KOtBu (0.27 g, 2.4 mmol) followed by Pd(OAc) 2 (0.55 g, 2.4 mmol). After 1 h, KI (1.66 g, 10 mmol) was added and the mixture was stirred for 2 d at room temperature. Volatiles were evaporated in vacuo, and the residue was purified by column chromatography (SiO 2 , CH 2 Cl 2 /acetone 8 : 1). The orange fraction was collected and evaporated to yield 2 as an orange solid (0.36 g, 27%). An analytically pure sample of 2 was obtained by recrystallization from CH 2 Cl 2 and pentane. Anal. found (calcd) for C 13 
